Introduction {#sec1-1}
============

Metabolic syndrome is a constellation of interrelated risk factors characterized by the co-occurrence of hyperglycemia, hypertension, high triglyceride levels, and low high-density lipoprotein (HDL) cholesterol levels and has become a major public health concern throughout the world.\[[@ref1][@ref2][@ref3]\] It is well appreciated that the metabolic syndrome increased the risk of type 2 diabetes mellitus,\[[@ref4]\] cardiovascular disease by 2-fold,\[[@ref4][@ref5]\] and 5-fold increase in the mortality over a 5--10 years period.\[[@ref6]\] The third report of the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP-III) also suggested that metabolic syndrome increases the risk of Cardiovascular disease by 2-fold, and it will soon have a greater impact on premature coronary artery disease.\[[@ref7]\]

It is estimated that 20%--25% of the world adult population suffer from metabolic syndrome disorders.\[[@ref8]\] In India, the prevalence of metabolic syndrome is increasing exponentially as determined by 33.5% overall, 24.9% in males and 42.3% in females on the basis of diagnostic criteria given by (NCEP ATP III).\[[@ref9]\] The specific etiology of metabolic syndrome is not clear until now, but it is a mixed outcome of genetic, metabolic, and some environmental factors.\[[@ref10]\] Among adaptable environmental risk factors, a dietary habit seems to play a prime importance in the treatment and prevention of metabolic syndrome.\[[@ref11]\] Some probable dietary risk factors, such as high intakes of saturated fatty acids and low intakes of omega-3 fatty acids also increase the risk of cardiovascular disease.\[[@ref12]\] In addition, inadequate physical activity, smoking, and extreme alcohol consumption have been linked with increased risk of central obesity and other metabolic abnormalities.\[[@ref13][@ref14]\] On the basis of conventional approach in nutritional epidemiology, researchers identifying only one nutrients or food products, as a substitute of assessing the whole dietary patterns.\[[@ref15]\] Although people consumes diets which included many types of foods with many nutrients. When we want to assess the pooled effects of different nutrients and various foods, we need to assess whole dietary pattern. Therefore, assessing the entire dietary pattern instead of assessing the individual nutrient can give the clear picture of relationship with the health outcomes. A randomized controlled trial which was conducted on metabolic syndrome patients observed that a dietary pattern, which is dietary approaches to stop hypertension diet plan can improve all the five metabolic syndrome component in men and women.\[[@ref16]\] To the best of our knowledge, very few data are available concluding the association between potential lifestyle risk factors with the components of metabolic syndrome. Thus, the present study was designed to find out the association between important nutrients and potential lifestyle risk factors such as diet, physical inactivity, and smoking and alcohol consumption with the number of metabolic syndrome components.

Study population and design {#sec2-1}
---------------------------

### Study population {#sec3-1}

This study was performed on Indian population at the Department of Cardiology, Sir Sunderlal Hospital, Banaras Hindu University, Varanasi, on an outdoor patient basis from February 2013 to June 2015. Participants were men and women aged 30--68 years who were visiting the outpatient department for the first time were considered for this study. The criteria for identifying the patients of metabolic syndrome are depending on the definition given by the Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (NCEP ATP III) (modified 2004). The inclusion criteria were as follows: Waist circumference (males: ≥90 cm and for females: ≥80 cm), triglycerides ≥150 mg/dl, low HDL (males \<40 mg/dl and for females \<50 mg/dl), systolic blood pressure ≥130 mmHg and/or diastolic blood pressure ≥85 mmHg, and fasting blood sugar ≥100 mg/dl. To be enrolled in the study, patients had to have ≥3 of the above-mentioned criteria to be classified as having metabolic syndrome. The exclusion criteria were as follows: participants were excluded if they were diagnosed with the following diseases such as thyroid disease or diabetes mellitus, cardiovascular diseases, chronic liver or kidney disease, advanced cancer, or any other chronic diseases or they were not willing to participate. Sample size was calculated on the basis of variability among the metabolic risk factors components which was assessed by the pilot study conducted on 30 patients of metabolic syndrome.

### Study design {#sec3-2}

This was a hospital-based cross-sectional study. A metabolic screen was carried out for all the individuals (1020) during the study period for eligibility in the study. A total of 205 men and women who had ≥3 components of the metabolic syndrome and met the inclusion criteria were included in the present study. After screening details of dietary history and lifestyle risk factors were assessed for each study participants. The present study was approved by the Institutional Ethics Committee on Biomedical Research in Humans of Institute of Medical Sciences, Banaras Hindu University (BHU), Varanasi, Uttar Pradesh, India (EC Registration No. ECR/526/Inst/UP/2014 Dt. 31.1.14), and written informed consent was obtained from all potential participants at the screening visit.

Dietary assessment {#sec2-2}
------------------

Dietary assessment was performed with the food frequency questionnaire (FFQ) and 24 h dietary recall methods. FFQ is the standard method to know the dietary pattern in studies of chronic disease all over the world. All the respondents were asked to report every food items which they were taking to find out the frequency of consumption in the form of (never, seldom, once a month, once a week, two-three times a week, and daily). A 24-h dietary recall method was used to collect the information pertaining to dietary intake. The participants were asked about to report everything that they had eaten or drunk during previous day over the past 24-h period. To estimate portion size of food consumed, standardized set of cups and spoons suggested by National Institute of Nutrition, India, with varying capacities (volumes) was displayed to estimate the exact amount of cooked food eaten in each meal. From the size and volume of food consumption obtained by this method, the quantities consumed by the participants were converted in to exchanges and the equivalent weight of raw food in terms of grams or milliliters was calculated using a conversion table for Indian foods formulated at the National Institute of Nutrition ICMR 2010.\[[@ref17]\]

Nutritional analysis {#sec2-3}
--------------------

All food records were analyzed by a specially designed computerized program using the food database of Nutritive value of Indian foods (ICMR 2010).\[[@ref17]\] Data obtained from the 24-h food records were processed and converted to the gram equivalents using the Indian system of food equivalents. Each food and beverage was then coded according to the software and entered into a computerized nutrition database which contains the nutritional values of all Indian foods for analysis.

### Measurements {#sec3-3}

Waist circumference was measured with the help of unlengthened tape meter at the narrowest level over light clothing without any strain on the body surface. All the clinical and biochemical assessment was performed by the hospital staff using the standard procedure. Blood pressure was measured after 5 min of rest in the sitting position on the right arm using a standard mercury sphygmomanometer. Fasting blood samples were analyzed for plasma concentrations of glucose, triacylglycerol, total cholesterol, HDL cholesterol, and low-density lipoprotein cholesterol.

Statistical analysis {#sec2-4}
--------------------

All statistical analyses were performed using the Statistical Package for the Social Sciences software SPSS 16 (trail version). Continuous variables were expressed as mean ± standard error (SE), and categorical variables are expressed as frequencies and proportions (percent). Continuous variables were assessed using the Kolmogorov--Smirnov *Z* test to examine the distribution type; if the data did not follow a normal distribution; they were logarithmically transformed before analysis. Participants were divided into 3 groups according to the number of risk factors they had; 3 risk factors, 4 risk factors, and 5 risk factors. Chi-square and Independent *t*-test was used to assess the differences across the risk factors for categorical variables and independent *t*-test were used for continuous variables. Logistic regression analysis was used to calculate the odds ratios (ORs) and their 95% confidence intervals (CIs) to determine the associations of all categorical variables such as dietary pattern, smoking, physical activity across the number of risk factors and hypertension, and to determine the effect of demographic variables on the metabolic syndrome risk factors. One-way analysis of variance (ANOVA) was used to know differences in macro and micro intakes across the 3 risk factor groups. However, analysis of covariance (ANCOVA) was used to adjust the potential confounders such as age, gender, and physical activity. The various models which I have used to adjust the potential confounders are as follows: model 1, one-way ANOVA with no covariates, Model 2, ANCOVA with the adjustment for age and gender as covariates, and Model 3 ANCOVA adjusted for age, sex, and physical activity. Since the physical activity is considered a major risk factors to develop the metabolic syndrome that\'s why the model also included the physical activity (other than daily work) as a covariate. If the significant differences were found in ANOVA and ANCOVA across the risk factors, Tukey\'s *post hoc* test were used for further multiple comparison. All the statistical level of significance was set at 0.05 for all the continuous and categorical variables.

Results {#sec1-2}
=======

General characteristics of participants across the various risk factors are presented in [Table 1](#T1){ref-type="table"}. Mean age of the participants across the two risk factors were 51 ± 9.4 and 50.5 ± 9.7, respectively. There were significant differences were observed regarding gender, occupation and family history of hypertension, diabetes, and cardiovascular diseases among the two groups. *P* \< 0.001.

###### 

General characteristics of the participants across the various risk factors

![](IJPVM-9-6-g001)

Results showed the differential intake frequencies for each food groups which is commonly known as the important risk factors to develop metabolic syndrome \[[Table 2](#T2){ref-type="table"}\]. Unhealthy eating practices were seen more among the participants who had more than 3 risk factors than in the participants who had 3 risk factors. Food pattern included fruits and vegetables intake \<3 serving/day was significantly associated with the more number of risk factors (OR: 2.93; 95% CI: 1.51--5.71). Significantly higher proportion of participants (33.7%) were in the habit of taking flesh foods and egg \> four times/week among the participants who had 4--5 risk factors in comparison to 9.3% among participants who had 3 risk factors. However, the odds of taking flesh foods and egg about five times higher in participants who had 4--5 number of risk factors (OR: 4.92; 95% CI: 2.2--10.6). Binary logistic regression showed the odds of taking \>5 times junk foods/week was 3 times higher (OR: 2.97; 95% CI: 1.61--5.47) and sweet dishes was 2.3 times higher (OR: 2.33; 95% CI: 1.28--4.24) among the participants who had 4--5 risk factors when compared to the participants who had 3 risk factors.

###### 

Risk difference across the various numbers of risk factors among the participants
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Logistic regression showed male gender carried a higher risk of developing hypertension (OR: 1.30; 95% CI: 0.71to2.41); however, increasing age was not associated with hypertension (OR: 1.00; 95% CI: 0.731to1.36).

The means and SEs for various macronutrients intakes across the 3 metabolic syndrome risk factors are presented in [Table 3](#T3){ref-type="table"}. The first model (Model 1) compared only dietary intakes among the three risk groups with no covariates and the second model (Model 2) was adjusted for age and sex and (Model 3) further adjusted for age, sex, and physical activity. There was no significant differences were found in the mean total energy and protein intake across the various risk factors group. However, Model 2 and 3 showed significant differences in terms of energy intake, but no significant differences were found in protein intake even after the adjustment for age and sex and physical activity. Model 1 showed no significant differences in the total fat intakes across the various risk factors, but it turn out to be significant in Model 2. Whereas, mean carbohydrate and saturated fat was significantly higher in the participants who had 4--5 risk factors compared to 3 risk factors even after the adjustment with all covariates *P* \< 0.05.

###### 

Daily intakes of major nutrients according to number of metabolic syndrome risk factors among participants
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Regarding micronutrient, evidence suggest that high intake of sodium is a major risk factors for cardiovascular diseases. Results showed that mean intake of sodium is significantly higher on the participants who had 4--5 risk factors (*P* \< 0.001) \[[Table 4](#T4){ref-type="table"}\]. These differences remained significant after the adjustment for age and sex and physical activity. Potassium, Vitamin A, and phosphorus intake was lower among participants who had 4--5 risk factors, whereas magnesium intake was higher among those who had 4--5 risk factors, but these differences were not reached to the significant level in any of the model. ANOVA showed mean daily intake of zinc, iron, manganese, and folic acid remained insignificant across the 3 risk factors group in the entire model. However, phosphorus and Vitamin C intake was higher in participants who had 3 risk factors, but these differences were not reached to the significant level *P* \> 0.05.

###### 

Daily intakes of micronutrient according to number of metabolic syndrome risk factors among participants
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Discussion {#sec1-3}
==========

Metabolic syndrome is a complex interaction of different risk factors including genetic, environmental, and metabolic factors.\[[@ref18]\] The difference in the prevalence of this syndrome across gender observed in this study could be attributed to the higher prevalence of waist circumferences in women \[[Table 1](#T1){ref-type="table"}\] which also has been reported in other recent epidemiological studies.\[[@ref19]\] Another study reported that higher prevalence of metabolic syndrome among females is because of gender-specific factors.\[[@ref20]\] This study was carried out on a sample of 205 men and women to find out the association of major food groups with the number of risk factors they had. Among these some, but not all, of these food groups were positively associated with multiple risk factors of metabolic syndrome. Unhealthy eating practices were seen more among the participants who had more than 3 risk factors. Participants consumed more fruits and vegetables who had 3 risk factors than the participants who had more than 3 risk factors (OR: 2.93; 95% CI: 1.51--5.71) and had a healthy lifestyle in general. This finding also supported by the series of other studies, It has been suggested that inclusion of more fruits and vegetables in a diet has been associated with lower blood pressure and may be associated with an improved fasting lipid profile.\[[@ref21]\] The findings from Bogalusa Heart Study revealed that young adults who had no risk factors consumed high fruits and vegetables and less sweetened beverages than those who had 1 risk factor.\[[@ref22]\] A cross-sectional study which was conducted on 486 Tehranian adult females in the highest quintile of fruit and vegetable consumption showed a 10% to 40% and 14% to 38% lower likelihood of having metabolic syndrome compared to those in the lowest quintile of the fruit and vegetables intake, respectively.\[[@ref23]\] Although in the present study, there was no significant association was found for fruits intake. Association of other food groups with the risk of metabolic syndrome has been also reported by several other studies. It has been suggested that the daily consumption of Western diet including meat, fried foods, and more salt was adversely associated with the prevalence of metabolic syndrome and a protective effect was found for the intake of dairy foods.\[[@ref24]\] Similar association was also found in the present study, it showed that the odds of taking flesh foods and egg about five times higher and junk foods about three times higher among the participants who had 4--5 risk factors compared to those who had 3 risk factors. In contrast with this study, one study reported no association between intakes of meat with metabolic syndrome.\[[@ref25]\] Few studies has been investigated the association between sweetened beverages and metabolic syndrome.\[[@ref26]\] Similar to the findings of this study, researchers suggest that high consumption of sweets and beverages positively associated with overweight, particularly in children and adolescents.\[[@ref27]\] Another recent epidemiological study also reported a positive association between sweetened beverage and metabolic syndrome risk.\[[@ref28]\] Inadequate physical activity and smoking habits were seen more among the participants who had 4--5 risk factors. Similarly, in a study, the odds of having the metabolic syndrome who reported light to moderate physical activity was 0.75, whereas for those who have done regular exercise, the OR was 0.57.\[[@ref29]\] The data on macronutrient and micronutrient intake and its association with the prevalence of metabolic syndrome are controversial. From the data observed from 24-h recall, It was found that mean intakes of carbohydrate, saturated fat, and total fat and sodium intake were significantly higher on the participants who had 4--5 risk factors. However, soluble fiber, calcium, magnesium, and Vitamin C were lower among the participants who had 4--5 risk factors. Similarly, many reports suggest positive association of saturated fats with glucose intolerance and insulin resistance.\[[@ref30]\] On the other hand, omega-3 fatty acids increases insulin sensitivity, and decreases the risk of type 2 diabetes mellitus, and also hinder the production of inflammatory cytokines, thus improving the risk factors of metabolic syndrome.\[[@ref31]\] Low intake of micronutrients such as magnesium and calcium has been linked to hyperglycemia and insulin dysfunction and the importance of folic acid in the prevalence of cardiovascular risk factors has been documented.\[[@ref32][@ref33]\] This finding is also supported the present study. Another study suggested that low intake of fruits, vegetables, n-3 fatty acids MUFA, polyunsaturated fatty acids, whole grain foods, and low protein is a major contributing factor to the development of diabetes, hypertension, and heart disease.\[[@ref34]\]

Limitations {#sec2-5}
-----------

A few limitations have been noted in this study.First, we have used FFQ and 24-h recall for the dietary information. Due to the nature of the self-reporting technique, recall bias and inaccuracy in the measurement of portion sizes, it was difficult to find out the exact amount of foods they had consumed. Measurement error as a result of self-reporting for dietary intake and other lifestyle risk behaviors may introduce nondifferential misclassification leading to the association toward to the null. However, there are many evidence suggesting that information on the basis of self-reported techniques is applicable in epidemiologic studies for chronic diseases.\[[@ref35]\] Second, the participants who were aware of their metabolic disturbances might have changed their food habits before.

Conclusions {#sec1-4}
===========

Despite these limitations, the present study concludes that high consumption of flash foods, physical inactivity, and low consumption of fruits and vegetables is independently linked with the multiple metabolic risk factors. The finding from this study concluded that lifestyle interventions such as diet and physical activity would be the first line approach for improving the metabolic risk factors related to cardiovascular disease. Participants should be recommended to consume less junk foods, high amount of fruits, and vegetables and also encouraged to do moderate level of physical activity (e.g., jogging, brisk walking, swimming, yoga, and bicycling) for 40--45 min at least 5 times in a week. More prospective studies are needed to confirm these findings in a novel ways of intervening in the diet of Indians, and to explore the association between different food groups and the metabolic syndrome.
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